Infrared thermography (IRT) is a non-invasive remote sensing method to detect temperature. Many studies have shown that temperature in several regions of the body could be representative of core body temperature. Body temperature of cattle can be used to evaluate health status, stress, thermal balance, and feed efficiency. The aim of this article is to review utilization of IRT in cattle production system and its potency to be applied in Indonesia. The ability of IRT to detect even the small change of body surface temperature has made this device is very useful in cattle production industry. Infrared thermography has been used as a tool to detect an early detection of inflammation as sign of some diseases such as mastitis, foot and mouth disease. Infrared thermography can also evaluate feed efficiency through detection of heat production produced by metabolism process. Some important constraints of cattle production in Indonesia such as diseases and low feed efficiency may have strong correlation with body temperature change. Therefore, IRT is very potential to be applied in cattle farms in Indonesia.
INTRODUCTION
Infrared thermography (IRT) is a non-invasive remote sensing method to detect temperature. Infrared thermography was able to detect less than 1°C temperature change in the cattle suspect with bovine viral diarrhoea virus (BVDV) (Schaefer et al. 2004 ). In comparison with traditional method thermometers, such as the rectal thermometer, tympani thermometer, and thermal microchip, IRT was easier and less invasive (Johnson et al. 2011; Timsit et al. 2011) . Usamentiaga et al. (2014) outlined the advantages of IRT measurement of temperature as follows: Firstly, as a non-contact technology which means no need to put IRT directly to targeted object, IRT will be useful and safe to measure dangerous objects or something extremely hot, and also convenient for remote measurement especially for a targeted live object such as human and animal. Secondly, IRT results a two dimensional thermogram (thermal-images) which allows easy comparison between areas of the target image. The temperature of two dimensional images can be measured by infrared technology which helps to compare areas between target objects. Thirdly, IRT is a real time tool. In comparison with other radiation technologies such as X-ray imaging, IRT has no harmful effects.
Many studies have shown that temperature in several regions of the body could be representative of core body temperature. Therefore, IRT has been used to measure core body temperature by measuring the temperature in appropriate regions of the body surface. For instance, eye temperature in the lacrimal area has a high correlation with core body temperature (Ng & Kaw 2006) . However, some limitations such as environmental factors could influence the IRT result (Church et al. 2014) .
Body temperature of cattle can be used to evaluate health status, stress, measure thermal balance, and feed efficiency. Practice of temperature monitoring is useful for early detection of diseases in cattle. For instance, cows diagnosed with pneumonia had reticular temperatures 7.5 times higher than normal temperature (Adams et al. 2013 ). Injured skin has been shown to have a temperature 4.6 to 5.4°C higher than the surrounding normal skin (Poikalainen et al. 2012) . Change in body temperature also can occur when an animal gets stressed. As the hypothalamic-pituitaryadrenocortical axis is activated, catecholamine and cortisol concentrations increased, and as a consequence heat is produced (Schaefer et al. 2004) . Increased temperature in several regions of the body of cattle has a positive correlation with physiological parameters such as respiratory frequency, heart rate and panting score; all of these could be used as sign of stress (McManus et al. 2016) . Body temperature can also be used to estimate production efficiency. Montanholi et al. (2010) reported that 70% ofvariation of efficiency feed was explained by body surface temperature. Cattle production in Indonesia is facing some constraints. Quality and quantity of feed in Indonesia are the most important major constraints. Therefore, many studies are focusing on evaluation of feed efficiency. The method that commonly used is using digestibility feed either in vitro or in vivo. Another constraint is animal diseases. Most of cattle diseases in Indonesia are caused by microorganism such as brucellosis, anthrax, jembarana, etc. These major constraints have relationship with changes in body temperature.
This article is aimed to describe the utilization of IRT in cattle production system and the potency of IRT application in Indonesia.
THERMOREGULATION OF CATTLE
Process of maintaining body temperature is known as thermoregulation. Two main processes involved in thermoregulation are: (1) Processing heat production from the main organs, and (2) Balancing heat production and dispersion processes and central heat removal (Sellier et al. 2014) . These processes will be activated if body temperature moves above or below the thermal comfort zone due to both external or internal factors, and heat is absorbed or released from the body. The thermoregulation process in principle is the process of heat balance between heat production and the release of the heat.
Body temperature defines the ability of body to release and absorb heat. Usually, the body temperature of homoeothermic animal is relatively constant. However, in certain circumstances, the body temperature could be changed. Body temperature is usually used as a sign of animal health and wellbeing. For example, body temperature has been shown to increase in animals suffering with pneumonia (Adams et al. 2013) , mastitis (Colak et al. 2008; Hovinen et al. 2008; Adams et al. 2013) , bovine respiratory disease (Timsit et al. 2011) , and stress (González-Alonso et al. 1999 ). Soerensen & Pedersen (2015) categorized skin into two types of thermal: thermal window and nonthermal window. Thermal window skins or body surfaces are relatively poorly covered in coat or even entirely devoid of insulation and well perfused by blood and as such provides a "window" to body core temperature (Sellier et al. 2014; Soerensen & Pedersen 2015) . Body surfaces in the thermal window category include ear base, eye region, and udder. Skin areas where thermoregulation is controlled by limited blood perfusion to the outer skin are categorized as nonthermal windows, for example, ear flaps and shoulders.
Peripheral temperature
Peripheral temperature or skin temperature is influenced by environmental conditions, core body temperature, and the peripheral blood system regulation. Non-thermal window skin is more strongly influenced by ambient temperature compared with thermal window areas (Soerensen & Pedersen 2015) . The strong association between body surface temperature and core body temperature was shown by fluctuations in the ewe's core body surface as an effect of parturition (Nabenishi & Yamazaki 2017) .
Core temperature
Core temperature refers to body temperature or inner body temperature (Parson 2003; Soerensen & Pedersen 2015) . The function of the principle organs such as heart, brain, liver, and kidney, under normal conditions generates about 60% of body heat (i.e. core body temperature) (Sellier et al. 2014 ). An endothermic animal has the ability to regulate their core body temperature so that it remains constant under normal condition. Metabolism processes and blood flow affect core temperature . There is a diurnal pattern of body temperature known as circadian rhythm. This rhythm causes core temperature to increase from mid-morning up to afternoon and decline from evening to the early morning (Wrenn et al. 1961) .
Body temperature can be measured at various locations such as at the rectum, ear, reticulorumen, vagina, and udder. The most common method used to obtain the body temperature is rectal temperature, as it is simple and accurate. However, there were factors that could influence the measurement temperature at the rectum include the procedure of measurement (0.5°C variations), the type of thermometer (0.3°C variations), the depth of penetration into the rectum (0.4°C variations) . Measuring of body temperature at reticulorumen results in higher and more varied temperatures than rectal temperature. Core body temperature was measured with vaginal temperature associated with rectal measures (Vickers et al. 2010) .
THE ROLE OF INFRARED THERMOGRAPHY IN THERMOREGULATION
The accuracy of infrared thermography in detecing the peripheral temperature
Measuring peripheral or skin temperature with IRT requires measurement of the absorption of the thermal energy emitted by the surface object. Infrared thermography showed slightly more responsive in measurement of skin temperature for clinical purposes in comparison with thermistor, and a traditional device and index of responsiveness of 4.2, compared to 3.6 and 3.6, respectively (Burnham et al. 2006) . The correlation between IRT and thermistor for the measurement of skin temperature during resting and exercise in both cold and hot environments is very high (r: 0.98) (Buono et al. 2007 ). Buono et al. (2007) also found a high correlation (r: 0.99) between an infrared non-contact sensor and a thermocouple contact sensor for monitoring skin temperature, but also found that the result of infrared non-contact sensor can be in error due to the change of angle and the distance (Hershler et al. 1992) . Furthermore, ambient temperature and humidity directly influence the IRT-detected temperature (Loughmiller et al. 2001) .
Infrared thermography is able to distinguish the difference of temperature for each part of body. Salles et al. (2016) mapped the body surface temperature of cattle using the IRT and discovered that the right flank, left flank, and forehead all had high correlations with the temperature and humidity index (0.85; 0.81; and 0.81 respectively). That study found that the highest temperature was at the eye area (36.88°C) and the lowest was at the forehead (28.40°C). The least variation in temperature was found in the right eye area (sd: ±0.44) and the largest variation at the cranial left foreleg (sd: ±2).
The accuracy of infrared thermography in detecting the core temperature
Measuring core body temperature means measuring the temperature inside the body accurately. Several part of body surface areas, relying on a thermal window which is body surfaces that are poorly insulated by hair and so provide a "window" to body core temperature (Soerensen & Pedersen 2015) that can represent core body temperature. Measuring core body temperature trough those body parts can be obtained using IRT. Eye temperature measured with IRT has an association with rectal temperature, and has 74.6% sensitivity and 92.3% specificity in detection of febrile ponies (Johnson et al. 2011 ). Additionally, it was found that initial ocular surface temperature after blinking in humans is an indicator of core body temperature (Tan et al. 2016) . The sensitivity and specificity of ear infrared temperature was 83 and 88%, respectively to predict body temperature of ≥38°C (Chan et al. 2004 ). An ear and eye (lateral can thus and areas near the medial temperature measured by those infrared tools correlated well with core body temperature (Schmidt et al. 2013) . Infrared thermography-detected temperatures at front, cheek, eye, ocular area, ribs, flank, rump, and feet of cattle are positively associated with rectal temperature ).
In addition, it was found that the highest correlation was obtained in the front site dominated by the brain which regulates the body temperature via central nervous system (CNS) ). However, Sapkota et al. (2016) discovered that core body temperature could be estimated by skin surface temperature by IRT was only in the thermoneutral condition. Their study resulted that when animal was recovered from acute heat stress to thermoneutral condition, the skin temperature drastically dropped within 10 min whereas core body temperature still elevated for 30 min.
The use of infrared thermography in detecting temperature fluctuation
Infrared thermography is able to detect the small change of temperature. Infrared thermography was able to detect the elevated temperature at several sites on the body of calves that were inoculated with BVDV (Schaefer et al. 2004 ). The change of temperatures per day detected for nose, ear, side, and dorsal consist of 0.35; 0.4; 0.19; and 0.18°C respectively. Increased temperature from the base line, due to foot-and-month disease virus (FMDV) was detected by IRT, preclinical and post-clinical phase for cattle that were either directly inoculated and had contact with the FMDV, or had received a FMDV vaccine. Infrared thermography was able to detect elevated temperatures from the baseline to pre-clinical stage of 0.5°C (Rainwater-Lovett et al. 2009) . A study by Scolari (2010) showed IRT could detect fluctuation of temperature around the vulvar skin during oestrus. Infrared thermography also detected a fleeting depression in eye temperature of cow for several seconds during a fear or pain response related to the handling (Stewart et al. 2008) . Likewise, the decrease of temperature (ΔT~1°C) in several areas (eye bulb, the periocular area, and the ear skin) of rabbit was detected by IRT during stress condition (Ludwig et al. 2010) .
APPLICATION OF INFRARED THERMOGRAPHY FOR ASSESSING LIVESTOCK HEALTH AND WELFARE
Under normal conditions, the body temperature of mammals as homoeothermic animals is constant for several reasons. Temperature changes can affect protein conformation and enzyme activity. Thereby changing the temperature in the animal will affect cellular reaction rate. The change in body temperature affects the kinetic energy possessed by each molecule of a substance, so the increase in body temperature will give greater probability to the various particles of substance to collide with each other. This causes an increase in reaction rate in the body; if the reaction rate is not controlled then this will be detrimental.
Body temperature is a critical point in health and wellbeing of cattle. Hyperthermia, fever, or inflammation generates elevation of body temperature. A high body temperature due to hyperthermia is triggered when the body's ability to transfer heat effectively is impaired. Increasing body temperature due to fever is usually related to illness or diseases. Fever is defined as the increase in body temperature from the baseline temperature by more than one standard deviation (Bligh & Johnson 1973) . Production of heat due to inflammation is associated within fiction or damaged tissue (Štvrtinová et al. 1995) .
Application of infrared thermography for assessing inflammatory processes
Inflammation is the immune system's response to a challenge (usually bacteria and viruses). Signs of inflammation include heat, redness, swelling, pain, and loss of function (NCBI 2015) . Increased heat in an area with inflammation could be detected remotely by IRT, and possibly earlier, than with methods which rely on the animal to display visual or behavioral symptoms.
Infrared thermography has been used for early detection of hoof lesions in dairy cows by capturing the elevated temperature on the feet affected by lesion (Figure 1) (Alsaaod & Büscher 2012) . Skin and coronary band temperature was significantly higher for cows with digital dermatitis and feet skin temperature was elevated when infected with M-lesion (Alsaaod et al. 2014) . The foot temperature of cows with digital dermatitis and other lesions was higher compared to unaffected cows for every type of foot presentation (unclean foot, cleaned foot, and lifted foot), therefore digital dermatitis and lesion in cow could be detected earlier with IRT (Stokes et al. 2012) . Furthermore, determining the right threshold temperature for each feet's presentation (either clean or dirty feet) is important to increase the sensitivity and accuracy of IRT. Its lowering threshold temperature from 27 to 22ºC for clean feet could be resulting in a false positive diagnosis for foot lesions. However, IRT could not detect different lesion pathologies as the study showed that the temperature between different lesion types did not differ (Stokes et al. 2012) . Alsaaod & Büscher (2012) Many studies have demonstrated that IRT is a suitable tool to detect mastitis in the dairy cow. A positive correlation between infrared thermography and California mastitis test (CMT) and somatic cell count (SCC) to screen subclinical mastitis, since CMT and SCC are reliable tests and reliable biomarker tools to detect subclinical mastitis (Polat et al. 2010; Samara et al. 2014) . Infrared thermography was able to perceive even a small change in skin surface temperature of the mammary gland in responding to varying degrees of mammary gland infection severity as reflected by the CMT score (Colak et al. 2008) . Infrared thermography could distinguish the elevated temperature on the udder when the mammary gland was injected by endotoxin infusion to induce inflammation (Scott et al. 2000) .
Infrared thermography was also able to detect the change of temperature of the udder four hours after injection of Escherichia coli lipopolysaccharide in the mammary gland, even though the first signs of clinical mastitis in the milk occurred two hours earlier than temperature change in the udder (Hovinen et al. 2008 ).
Application of infrared thermography for assessing disease
The ability of IRT as a feasible screening technology is able to quickly and accurately identify an animal with an infection has been shown by several studies. Infrared thermography has demonstrated the ability to identify the early stages of infection in calves which were injected with BVDV several days to one week before the clinical signs occurred (Schaefer et al. 2004) . The temperature of the eye area (the most sensitive region) was significantly increased within 24 hours after inoculation with the virus. Infrared thermography was able to detect bovine respiratory disease BRD infection before clinical signs manifested. According to clinical scores, the core temperature of calves positive to BRD increased to 38.98°C, 4 to 6 days before the onset of illness and at the day of illness was 40.17°C. An elevated temperature in BRD-positive cattle 4 to 6 days' prior first BRD symptom appeared was detected early by IRT (Schaefer et al. 2007 ). Predictive of IRT for both positive and/or negative BRD infection based on change of body surface temperature, as well as test efficiency were more accurate than industry standard practice clinical scoring. (Schaefer et al. 2007 ).
Application of infrared thermography for assessing cattle welfare
One of the physiological indicators of poor welfare of animals is elevated or depressed body temperature; hence IRT can be utilized to identify a stressed animal. Eye temperature decreased after infusion with epinephrine (Stewart et al. 2010 ). Concentration of epinephrine in blood is associated with hyper-acute pain and the pain response of animals. This finding explained earlier research which found eye temperature rapidly decreased due to rough handling procedures (hitting, startling, electric prod and startling plus shouting) (Stewart et al. 2008) . Both experiments used IRT to measure the eye temperature, indicating IRT is useful to assess the pain and disruption of cattle during handling.
When the stressors persist for a longer time on the animal, the hypothalamic-pituitary-adrenal (HPA) axis will be activated due to the increase of catecholamine and cortisol levels, impact on the change in heat production (Stewart et al. 2005 ). There were positive correlations between eye temperature detected by IRT and HPA activity (Cook et al. 2001) , and eye temperature detected by IRT and saliva cortisol (Valera et al. 2012) . When the acute stress response, or "fight or flight" reaction is triggered, sympathetically mediated vasocontraction occurs in order to minimize the blood loss is marked by rapid short term drop in skin temperature. Skin temperature drops in chickens exposure to acute handling stress is able to be detected by IRT (Herborn et al. 2015) . Infrared thermography detected the decreased temperature in tail and paw of rats which experienced fear (Vianna & Carrive 2005) . These studies proved the ability of IRT to accurately detect stress responses which were marked by a drop in skin temperature.
APPLICATION IRT FOR MEASURING FEED EFFICIENCY
Some studies on energy metabolism have shown that beef cattle with either lower heat loss and methane production is more efficient in beef production (Castro Bulle et al. 2007; Hegarty et al. 2007) . Therefore, more efficient animals have lower body surface temperature compared with less efficient animals. The heat produced by the animals is greatly dissipated through the skin which can be captured using IRT. Therefore, body surface temperature could be used to detect the efficiency of beef cattle.
Infrared thermography has been used as a noninvasive tool for predicting methane production and emission, being simpler than conventional method (Montanholi et al. 2008) . Methane production could be assessed using IRT through analysis of the temperature difference between left and right flanks in the postprandial period which is up to 100 min after a meal (Montanholi et al. 2008) . The temperature difference between right and left flanks followed the methane emission pattern (Montanholi et al. 2008) .
Infrared thermography could be used to assess gain efficiency of individual animals in pen without disturbing them. A significant correlation between surface temperature and dry matter intake (DMI), average daily gain (AVG) and feed to gain ratio (F:G) was detected in bull (Huntington et al. 2012) . Assessment of feed efficiency using IRT was cheaper and lower prediction limit when compared to conventional feed intake measurement (Montanholi et al. 2010) . The body surface temperature (IRT) accounted for more than 70% of the residual feed intake variation found in the three groups of traits evaluated together. This result indicated an important application of IRT (Montanholi et al. 2010) .
The distal portion of the hindquarters and face temperatures were the most appropriate body sites to indirectly assess feed efficiency in cattle using IRT. Feet and cheek temperature appear to be the most promising body locations for indirectly assessing feed efficiency in cattle (Montanholi et al. 2009 ).The feet were the most appropriate location for predicting heat production using IRT (Montanholi et al. 2008 ).
Considering the impact of feeding and milking on IRT measurements, care must be taken to allow for wider utilization of this technology of this technology for predicting heat and methane production. Therefore, the best time for measuring surface temperature measured was up to 100 minutes after a meal or called postprandial period. After milking the cows, the skin surface temperature of different body locations consistently decrease between 0.4 and 0.8°C while the heat production increased (Montanholi et al. 2008) .
POTENCY OF APPLICATION IRT IN CATTLE PRODUCTION IN INDONESIA
There was hardly any information or study on the application of IRT on cattle production in Indonesia. While, low feed efficiency, diseases, and welfare issues are the most constraints in cattle production in Indonesia. All these issues have a relationship with changes of body temperature; therefore, IRT can be used as a simple tool for early detection for those issues.
Native grass and residues crops are commonly used as main feed of cattle which are known as low quality feed. The low quality feed has low digestibility resulting in high methane production during the fermentation in the rumen. Methane energy loss per gross energy intake in beef cattle ranges from 8.4 to 10% (Tangjitwattanachai et al. 2015) . Methane production is significantly affecting heat production (Kumar et al. 2016) . Common methodologies for measuring feed efficiency used in Indonesia are bio assays. The limitations of this method are longer times to do the assays and many tools are required. By using IRT to detect the change of body temperature due to heat metabolic can be useful to figure out quickly feed efficiency in the field.
Infrared thermography can be a very useful tool as early detector for several cattle diseases. The main diseases which often appear and cause a great economic loss in cattle production in Indonesia are brucela, anthrax, mastitis, helminthiasis, and jembrana (Putro 2004; Zulfikar 2014) . The main early sign of these diseases are increasing body temperature called fever (Zulfikar 2014) . Early detection in body temperature change before the symptom occurs could be helpful for further effort in controlling the disease.
CONCLUSION
There are several parts of the cattle body can be used as a thermal window which can describe the core body temperature. Therefore, the change of body surface temperature of cattle at several specific parts of body areas can describe their physiological condition. The ability of IRT to detect even little change of body surface temperature has been used as a useful tool to detect cattle condition. IRT has been utilized widely in cattle production such as early detector some cattle illness, cattle welfare, and even feed efficiency. However, some limitations such as impact of feeding time, milking, and dirty fur should be considered during measuring body temperature using IRT.Utilization of IRT in Indonesia will have a great potency because some important constraints in cattle production in Indonesia such as diseases and low feed efficiency may have strong correlation with body temperature change.
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